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(54* Optical communication system 

(57) A two way optical communication system comprises two light Transmrner/recetver stations positioned 
at spaced apart locations and arranged to afford communication through free space therebetween, wherein 
one only of the two stations, hereinafter called the proximal station comprises a single beam light 
transmission source 31, 32. and wherein the other of the two stations, herei na f t er catted the distal station, 
comprises retro-refiector means 42 and modulator means 41 utilised for the transmission of data from the 
distal station to the proximal station by reflecting a light carrier signal originating from the light 
transmission source back to a. receiver at the proximal station, this retro-reflected earner signal being 
modulated to carry the data, the distal station further including an optical detector 40. 
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SPECIFICATION ' 

Opticaf communication system 

5 This invention relates to optical communication 

systems, 

According to the present invention, an opti- 
cal communication system comprises wo light 
transmitter/ receiver stations positioned at 
10 spaced apart locations and arranged to afford 
communication therebetween, wherein one 
onfy of the two stations, hereinafter called -me 
proximal station comprises a light transmission 
source, and wherein the other of the two sta- 
15 trans, hereinafter called the distal station. 

comprises retro-reflector means and modulator 
means utilised for the transmission of data 
from the distal station to the proximal station 
by reflecting a fight earner signal originating 
20 from the light transmission source back to a 
receiver at the proximal station, this retro- 
reflected carrier signal being modulated to 
carry the data. 
The system may afford one way data 
25 transmission from the distal to the proximal 
station. Alternatively the system may be a 
two way communication system. 

A system according to the invention may 
thus comprise a distal station which consumes 
3Cr very Me power since the. carrier signal is ar- 
ranged to originate at the proximal location, 
alignment between the two stations being 
achieved automatically when the two stations 
are in mutual communication. 
35 The proximal transmitter/ receiver arid the 

distal transmitter/receiver may be arranged for 
duplex communication. - 

This may be achieved by arranging that dif- 
ferent kinds of modulation are transmitted 
40 from aach station, each station bang arranged 
to include a receiver having a detector appro- 
priate to the received modulation. 

The modulation may be amplitude modula- 
tion, intensity modulation, polarisation moduia- 
45 tton, phase modulation, frequency modulation 
or digital- equivalents thereof- Alternatively du- 
plex communication may be achieved by ar- 
ranging that both stations use phase or fre- 
quency modulation and include coherent de- 
50 tection systems such that there is no mutual 
Interference when both stations are transmitt- 
ing at the same time. 

According to an alternative embodiment ot 
the invention, the two stations may operate in 
55 a simplex or time division multiplex mode 
whereby the stations are arranged to transmit 
alternately or at least never at the same time. 
The retro-reflector means may be effected by 
phase conjugation or by using light reflectors 
60 such as comer cubes or cat's eyes. 

The term light when us d herein is intended 
to include light in the visible spectrum .or in 
the non-visible spectrum. 

The modulation may be impressed on the 
65 light carrier signal using, for example. Pocttes. 



Kerr or Faraday cells, frustrated total internal 
reflection, electrochrornic or. liquid crystal- cells. 

Various embodiments of the invention will 
now be described by way of example with 
70 reference to the accompanying drawings in 
which: 

Figure 1 is a block schematic diagram of 
optical apparatus at a distal station r 
Figure 2 is a similar diagram of optical appa- 
75 ratus at a proximal station; 

Figure 3 is a similar diagram of alternative 
optical apparatus and electronic arrangement 
at a proximal station; 

Figure 4 is a waveform diagram showing 
80 one kind of pulse coded transmitted light sig- 
nal; 

Figure 5 is a block schematic diagram 
showing alternative optical apparatus at a dis- 
tal station; . . 
85 Figure 6 is a similar diagram showing optical 
apparatus for two channel communication be- 
tween a proximal station and a distal station; 

an Rgure 7 is a similar diagram showing optical 
90 apparatus including a photodetector array for . 
use at a distal receiver station. 

Referring now to the drawings, a- system for 
communicating between a distal station and a 
proximal station comprises a distal station 
95 having an optical system as shown in Figure 
1. The system comprises a lens 1 which is 
arranged to focus light transmitted from the 
proximal station (not shown* onto a detector 
2 arranged in the focal plane of the lens, via a 
100 modulator 3. The detector 2 is used to demo- 
dulate signals transmitted* from the proximal 
station and the modulator 3 is used to modu- 
late light reflected from a surface 4- of the* 
detector back to the proximal station. 
105 Modulation at the proximal station may be 
amplitude modulation, intensity modulation, 
polarisation modulation, phase modulation/or 
frequency modulation or a digital equivalent of 
one of these modulation types which is im- 
1 TO posed directly onto the carrier radiation or 
onto a sub-carrier at some lower frequency. 
The modulation imposed: on the retro-reflected 
light by the modulator as shown in Figure 1 
may be any one of these types although the 
1 1 5 type of modulation must be compatible with 
and separable from the modulation imposed at 
the proximal station. 

Referring now to Figure 2 which shows 
schematically an opticaf arrangement suitable 
120 for use at the proximal station, the apparatus 
comprises a light source 5 which would in 
general comprise a laser transmitter such as a 
semiconductor laser or gas laser and a lens 6 
for focussing light generated by the light 
125 source 5 onto a receiver at the distal location. 
Additionally, some mechanical or electro-opti- 
cal means of tracking the laser direction in 
space may be provided although this is not 
shown in Figure 2. Light from the source. 5 is 
130 radiated to the lens 6 via a beam splitter 7 
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which serves to reflect retro-reflected light re- 
ceived via the lens 6 from the distal station 
onto a detector 8 via a polariser 9. With the 
arrangement just before described the polar- 
5 iser 9 affords demodulation of a polarisation 
modulated signal from the distal station. 

Alternatively as shown in Figure 3 if the 
data transmitted from the distal station is in 
the form of amplitude, frequency, or phase 
10 modulation, then an electronically coherent de- 
modulation of the electronic signal may be 
employed. Referring now to Figure 3 r this may 
comprise a light source 10 which is arranged 
to radiate light via a lens 1 1 to a receiver (not 
15 shown) at the distal station. The light is 

modulated by a modulator 12 in accordance 
with data provided on line 13 which is fed 
also via. a delay device 1 A to a coherent de- 
tector arrangement comprising a controlled 
20 amplifier 15. a filter 16 r a mixer 17 and a 
differential amplifier 18. Light received from 
the distal station via the lens 1 1 is fed via a 
light splitter 19 to a light detector <not shown) 
in a receiver 20. Electrical output signals from 
25 the receiver 20 corresponding to the data 
transmitted from the distal station are fed to 
the differential amplifier 18 to effect detection 
of the received signal. 
In an alternative arrangement, the transmit- 
30 ters at the proximal and distal stations may be 
arranged to operate alternately and in this 
case a wave form may be transmitted as 
shown in Figure 4 wherein the elements 21 
comprise coded data in the form of a pulse 
35 train which are followed by elements 22 in- 
. dicative of an end of text code. Thereafter a 
earner wave signal 23 is transmitted from the 
proximal transmitter which serves as a carrier 
signal for retrb-ref lection and transmission 
40 from the distal transmitter. 

Referring to Figure 5. in order to effect mo- 
dulation of the received signal at a distal re- 
ceiver, received fight at the distal station may 
be focussed by means of a lens 24 onto a 
45 reflector 25 via a modulator 26 which is used 
to modulate retro-reflected light. The arrange- 
ment may optionally include a waveplate-polar- 
iser 27. In order to detect received signals, 
the reflector 25 may itself embody a photodi- 
50 ode detector array 28 or alternatively signals 
received via the lens 24 may be passed via a 
beam splitter 29 to a photodiode detector ar- 
ray 30. 

To facilitate two channel duplex transmis- 
55 sion, an arrangement may be used as shown 
Cn Figure 6. Referring now to Rgure 6, two 
light sources 31 and 32 may be provided at 
the proximal station arranged to operate at 
different frequencies. Light from the sources 
60 31 and 32 is radiated via a beam splitter 33 
to a lens 34, received light being reflected 
from the beam splitter onto a detector 35 via 
a filter 36. If the source 31 is arranged to 
radiate at a frequency F1 and the source 32 is 
65 arrihged to radiat at a frequency F2. th fil- 



ter 36 may be arranged to pass only those 
signals at the frequency F1. At the distal loca- 
tion, light received at frequencies F1 and F2 is 
passed via a beam splitter 37 to a lens 38 at 

70 the frequency F1 and to a lens 39 at the 

frequency F2. The lens 39 is arranged to feed 
the detector 40 and the lens 38 is arranged 
to feed a modulator 41 and a mirror 42. Thus 
light at the frequency Fl is retro-re fleeted and 

75 modulated by the modulator 41 whilst light at 
the frequency F2 is locally detected at the 
distal station. 

At the distal station the light receiver should 
preferably have a wide field of view so that 

80 search and acquisition is unnecessary. How- 
ever, a switchable array of photodetectors as 
shown in Figure 7 may be provided onto 
which light is focussed by a lens imaging sys- 
tem 44. This may be used to provide wide 

85 angle coverage whilst waiting for a transmis- 
sion and a narrowing of the field of view 
brought about once detection has occurred! 
This narrowing of the field of view may be 
effected by selecting predetermined detectors 

90 of the array 43 which may be achieved by 
means of associated light switches associated 
with the detectors. This selectivity which 
amounts to angular diversity, allows the rejec- 
tion of high background interference such as 

95 radiation from the sun which might otherwise 
cause saturation or unacceptable noise. 

In an alternative configuration the transmitter 
at the proximal location might comprise an ar- 
ray of transmitters all of which would be ener- 
100 gised in order to acquire the distal transceiver. 
In order to reduce the transmitter beam width 
during data transfer, only one transmitter 
would be used, an array of receiver diodes 
ensuring that the appropriate transmitter is en- 
1Q5 ergised to enable automatic tracking of the 
distal end. 

There are a large number of ways in which 
the foregoing techniques could be employed 
for two-way communication. On a battlefield 

110 for example the passive device could be 

mounted on an RPV which could be continu- 
ously monitored whilst data ts transmitted. 
The technique could also be used for an IFF 
system where response from the passive link 

115 is automatic on receipt of a valid code se- 
quence. A further application would be a local 
area network scheme where the positions of 
individual elements are not known. The ele- 
ments might be computer stations, soldiers, 

120 vehicles, aircraft etc. .. 

The technique may be used in surveillance 
applications where a remotely positioned im- 
ager is controlled from the proximal end of 
the link and the video data is transmitted back 

125 from the distal end. 

Various modifications may be made to the 
arrangement shown in the drawing without 
departing from the inventive concept and far 
example a mechanical scanning system might 

130 be used to acquire and track the distal tran- 



3 



GB 2 196 809 A 3 



scaiver. Additionally a bandpass filter at the 
proximal location may be used to prevent 
cross-talk between up and down links. 

5 CLAIMS 

T. An optical communication system com- 
prising two light transmitter/receiver stations 
positioned at spaced apart locations and ar- 
ranged to afford communication therebetween, 
10 wherein one onfy of the two stations, herein- 
after called the proximal station comprises a 
light transmission source, and wherein the 
other of the two stations, hereinafter called 
the distal station, comprises retro-reflector 
15 means and modulator means utilised for the 
transmission of data from the distal station to 
the proximal station by reflecting a light carrier 
signal originating from the light transmission 
source back to a receiver at the proximal sta- 
20 tion, this retro-reflected carrier signal being 
modulated to carry the data. 

2- An optical communication system as. 
claimed in Claim 1. in which means are in- 
cluded for enabling different kinds of modula- 
25 tion to be transmitted from- each station, each 
station being arranged to include a receiver 
having a detector appropriate to the received 
modulation. 

3. An optical communication system as 
30 claimed in Claim 1. in which both stations use 
phase or frequency modulation and include 
electronically coherent detection systems such 
that there Is no mutual interference when both 
stations are transmitting at the same time. 
35 4-. An optical communication system as 

claimed in Claim 1. in which both stations op- 
erate in a simplex or time division multiplex 
mode whereby the stations are arranged to 
transmit alternately or at least never at the 
40 same time. 

5. An optical communication system as 
cfaimed Fri any one of claims 1 to 4, in which 
the modulation is impressed on the light carier 
signal using, for example, Pockels, Kerr or Far- 

45 aday cells, frustrated total- internal reflection, 
electro chromic or liquid crystal cells. 

6. An optical communication system sub- 
stantially as hereinbefore described with refer- 
ence to any one of the accompanying draw- 

50 ings. 

CLAIMS 

Amendments to the claims have been filed, 
and have the following effect: 

55 Claims 1-6 above fcave been deleted or tex- 
tually amended* 

New or textuaity amended claims have been 
filed as follows: 

1. A two way optical communication sys- 

60 tern comprising two light transmitter/receiver 
stations positioned at spaced apart locations 
and arranged to afford communication through 
free spac therebetween, wherein one only of 
the two" Stations, hereinafter called the proxi- 

65 mal station comprises a single beam light 



transmission source, and wherein the other of 
the- two stations, hereinafter called the distal 
station, comprises retro-reflector means and 
modulator means utilised for the transmission 

70 of data from the distal station to the proximal 
station by reflecting a light carrier signal origi- 
nating from the light transmission source back 
to a receiver at the proximal station, this re- 
tro-reflected carrier signal being modulated to 

75 carry the data, the distal station further includ- 
ing an optical detector. 

2. An optical communication system as 
claimed in Claim 1, in which means are in- 
cluded for enabling different kinds of moduia- 

80 tion of the light carrier to be used by each 

station, each station being arranged to include 
a receiver having a detector appropriate to the - 
received modulation. 

3. An optical communication system as 

85 claimed in Claim 1 , in which the two stations 
each use a different kind of modulation se- 
lected from amplitude, phase or frequency 
modulation and inchide electronically coherent 
detection systems such that there is no mu- 

90 tual interference when both stations are simul- 
taneously modulating the optical beam. 

4. An optical communication system as 
claimed in Claim 1, in which both stations op- 
erate in a simplex or time division multiplex 

95 mode whereby the stations are arranged to 
transmit alternately or at least never at the 
same time* 

5. An optical communication system as 
claimed In any one of Claims 1 to 4, in which 

too; the modulation is impressed on the light car- 
rier signal using, for example, Pockels, Kerr or 
Faraday ceils, frustrated total internal reflec- 
tion, electrochromic or liquid crystal cells. 

6. An optical communication system sub- 
105 stantially as hereinbefore described with refer- 
ence to any one of the accompanying draw- 
ings. - 
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